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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention -The present invention relates 
to a thermal line printer of the type having a divided line 
head composed of a plurality of linear thermal head 
segments or "tiles" aligned in the width direction of a 
recording medium sheet perpendicular to the feeding 
direction or the lengthwise direction of the recording 
medium sheet so that a predetermined number of ther- 
mal print elements of adjacent tiles overlap so as to 
cover the entire span or width of the recording medium 
sheet, and particularly to a system for distributing print 
data bits among the overlapping print elements. 

Description of the Prior Art -Typical thermal line 
print heads are constructed with a linear array of ther- 
mal print elements that are individually heated by data 
encoded energization signals to effect by sublimation 
the transfer of a dye donor onto the pixel or dot area line 
by line onto a moving a receiver sheet to form a two- 
dimensional image thereon. In such printers, the linear 
array segments are typically constructed to extend 
about 12 inches in width and are capable of printing 
lines of image pixels across typical 1 1 inch (or less) 
printing paper. The dye-donor film patches are similarly 
dimensioned so that it is not possible to print color 
images of a single image frame exceeding the widths of 
the linear array and the dye donor patch. The dye donor 
patch is also limited in length. 

In order to overcome the length limitation of the dye 
donor patches, commonly assigned U.S. Patent Nos. 
5,132,701 and 5,140,341 to Stephenson and Fiscella 
describe a system and method for successively printing 
each of the three, single color separation, two-dimen- 
sional images in superimposition on a receiver to form a 
complete multi-color image having a length exceeding 
the comparable length of the dye-donor patches. Two 
(or more) dye donor patches of the same color are 
employed in the printing of each of the color separation 
images in an image region on the receiver sheet. The 
data set for the entire, two-dimensional, color separa- 
tion image is divided into first and second sub-image 
data sets for respective first and second sub-images in 
the length dimension, wherein the sub-images overlap 
one another in an overlap region comprising a certain 
number of print lines. The corresponding overlap line 
print data is distributed in a complementary manner in 
the first and second sub-image data sets with a blank 
print data bit pattern to mask any straight line effect at 
the boundary of the two sub-images that might other- 
wise appear on the receiver. 

The sub-image data sets are successively applied 
to the thermal print head elements during the advance- 
ment of the receiver and the two, same color, dye donor 
patches past the print head array The print head 
responds by successively printing the two sub-images 
in a merged fashion in the overlap region. Thus, it is 
possible using these techniques to print elongated 



image formats as long as the image format does not 
exceed the nominal 12 inch width of the single thermal 
head array. 

However, it remains desirable to make larger prints 

s despite the costs inherent in the gravure printing of dye- 
donor patches exceeding the nominal 12 inch width 
dimension. In order to print images which exceed the 
nominal 12 inch width in both dimensions, it has been 
proposed to construct a composite print head that is 

10 composed of a plurality of linear thermal print head seg- 
ments or tiles, each consisting of a nominal 12 inch 
array of thermal print elements, aligned end to end in a 
single row and coupled to a source of data bits for selec- 
tively energizing the print elements in order to print 

15 images on large size recording paper such as A1 size 
and AO size. Such an arrangement of series-connected, 
linear print head segments is more economic to manu- 
facture, given the poor manufacturing yield rate of corre- 
sponding monolithic thermal print heads of comparative 

20 length. 

However, this type of conventional elongated, multi- 
segment, thermal print head suffers the drawback that 
the pitch of the individual heating elements is irregular 
along the junction or connecting portion of adjacent 
25 thermal print head segments and thereby causes lines 
of higher (if too close together) or lower (if too far apart) 
density to appear at the juncture of each print head seg- 
ment and thus impairs the quality of the printed image 
pattern. 

30 The prior art discloses several methods for creating 
such elongated, multi-segment, thermal print heads. 
One technique is to fabricate the linear print head seg- 
ments with the thermal elements disposed up to the 
edge of each segment. These segments are then 

35 bonded end to end onto a carrier plate so that the edge 
elements are in close proximity, and the segments form 
a single, linear array of thermal elements. When these 
heads are manufactured, there may be a discontinuity 
and minor misalignment between the edge elements 

40 that results in a line or streak at the transition elements 
during printing. These heads are useful in applications 
which require only black or white marking, or in applica- 
tions which do not require high quality. The density dis- 
continuity is more noticeable in applications that require 

45 smooth, continuous tone, such as near photographic 
quality prints. 

A further type of conventional, elongated, multi- 
segment, thermal print head is the "divided line" head, 
disclosed, for example, in U.S. Pat. Nos. 4,660,052 to 

so Kalya et al., 4,977,410 and 5,003,323 to Onuki et al., 
and 5,1 19,108 to Hatakeyama. The divided line thermal 
print head is composed of a plurality of linear thermal 
head segments aligned in first and second of parallel 
rows in staggered relation and in partially overlapping 

55 relation at end portions of each adjacent linear segment 
in the sheet feeding direction so as to completely cover 
the entire width of recording paper. In operation each 
line of data bits to be printed is divided between first and 
second line data sub-sets for the respective first and 
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second parallel rows. The first, or upstream, row of lin- 
ear thermal element segments is activated with the first 
line data sub-set to print a part of the single line. After 
the receiver is advanced the requisite distance, the sec- 
ond, or downstream, row of linear thermal element seg- 
ments is energized with the second line data sub-set to 
thereby complete the single line printing. 

In such operation, in order to avoid duplicate print- 
ing by the overlapping portion of the staggered seg- 
ments between the first and second rows, a 
predetermined number of thermal printing elements in 
each overlapping set are blanked during the printing 
operation with the first and second line data sub-sets. 
The staggered linear print head segments must be pre- 
cisely positioned relative to each other to set a predeter- 
mined overlapping dimension corresponding to the 
span of the predetermined number of the blanked heat- 
ing elements. Again, it is practically quite difficult to pre- 
cisely and equally set the overlapping dimension of the 
individual staggered segments between the adjacent 
pair of rows during assembly of the divided line head 
and to maintain the set overlapping dimension due to 
thermal expansion of the linear segments during the 
continuous printing operation. 

The '410, '323 and '108 patents are directed to soft- 
ware and hardware based systems for controlling the 
selection of the blanked overlapping elements of the lin- 
ear head segments. In these patents, the system elec- 
trically defines the end thermal print elements of the 
upstream and downstream alternate line segments to 
minimize the line memory buffer space and to compen- 
sate for the manufacturing error offset between adjacent 
line segments forming the two displaced lines of seg- 
ments. 

Problem to be Solved --The difficulty of the edge 
discontinuity is still not solved by the divided fine print 
head employing these thermal printing element blank- 
ing techniques. Because the head segments are stag- 
gered there will be a slight misalignment between the 
printing areas covered by both sets of elements. This 
error in placement can occur both in the direction that 
the elements extend and in the offset distance between 
adjacent segments. The error could be up to about 20 
percent of the width of the elements. If the elements are 
33 microns wide, the required accuracy of elements 
between segments would have to be less than 1 micron 
because the human eye is sensitive to a 1% change in 
density. This is not currently possible, so the resulting 
images tend to have a thin light or dark line down the 
image that corresponds to the misalignment gap or 
overlap between the energized elements of the over- 
lapped segments. 

SUMMARY OF THE INVENTION 

In view of the above-noted drawbacks of the con- 
ventional divided line, staggered thermal print head 
segments, an object of the present invention is to com- 
pensate the positional error of the staggered arrange- 



ment of linear print head segments to alleviate the 
appearance of the lines in the printed image by ran- 
domly distributing print head element image data sig- 
nals and complementary element blanking signals in 

5 complementary print line patterns among the overlap- 
ping sub-sets of print head elements. 

A further object of the present invention is to effect 
a different distribution of the complementary image data 
and blanking signals among the subsets during printing 

10 of each line so that the appearance of linear print lines 
in the media advance direction is minimized. 

In accordance with the invention, the segments are 
mounted so that overlapping sub-sets of print head ele- 
ments provide a resulting image pixel overlap of printed 

is image dots in each image line printed by the multiple 
adjacent print head segments. The two sub-sets of ele- 
ments that are located in each overlapped segment 
area are selectively energized with first and second 
sub-sets of interlaced print data signals selected in a 

20 complementary pattern from the corresponding sub-set 
of data bits of the line of print data bits. The error in mis- 
alignment between overlapped sub-sets of elements of 
the two segments is now blended over a larger area so 
that the mis-alignments are less noticeable. 

25 The present invention is directed to a method and 
apparatus for producing a desired complete print line 
image from two or more print line sub-images. The sub- 
images are formed so that segments of each printed 
line are partially complete and the partially complete 

30 segments of each print line overlap each other and form 
a complete printed line. Each of the partially complete 
segments is formed with a distributed pattern of com- 
plete and blank areas. The pattern of blank areas of one 
of the overlapping segments corresponds to the pattern 

35 of complete areas of the other overlapping segment so 
that the desired print line image appears to be continu- 
ous where the partially complete segments overlap 
each other. 

Viewed from one aspect, the present invention is 

40 directed to a method of and apparatus for sequentially 
printing lines of image dots or pixels in the printing of a 
two-dimensional image. The apparatus operates in 
accordance with the steps of successively processing 
each line of image print data into first and second print 

45 line data sub-sets which, when used to print, print 
respective first and second line sub-images each hav- 
ing a complete segment and a partially complete seg- 
ment, wherein the partially complete segments 
positionally overlap one another. The partially complete 

so segment of the first line sub-image has its complete 
areas distributed throughout the segment in a certain 
pattern, which may reflect an arbitrary or random distri- 
bution. The partially complete segment of the second 
line sub-image has its complete areas distributed 

55 throughout the segment in a pattern that is complemen- 
tary to the pattern of complete areas of the partially 
complete segment of the first line sub-image. The com- 
plete areas of the overlapping partially complete seg- 
ments of the first and second line sub-images thus 
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spatially fill-in the overlap each other so that the sub- 
images combine to produce a complete line image. 

In accordance with a preferred embodiment of 
practicing the invention, a method and apparatus for 
operating a printer having a plurality of print head seg- s 
ments arrayed in first and second rows in the direction 
of the printing line, each print head segment further 
comprising a plurality of printing elements responsive to 
print line data bits applied thereto for printing image pix- 
els in a print line on a receiver and responsive to 10 
sequentially applied print line data bit sets for printing 
successive image lines on the receiver, wherein the first 
and second rows of print head segments are positioned 
so that a first sub-set of a number of the printing ele- 
ments of each print head segment in the first row spa- is 
tially overlaps with a second sub-set of a like number of 
the printing elements of each adjacent print head seg- 
ment in the second row, if any, thereby defining an over- 
lap region, and wherein the receiver is moved relative to 
the first row and the second row of print head segments 20 
in printing each image line, preferably comprises the 
steps of and apparatus for: distributing the print line 
data bits among the plurality of print head segments so 
that print line data bits are distributed in a complemen- 
tary blended pattern among the overlapping printing 25 
elements of said plurality of print head segments. 

Preferably, the distribution of print line data bits is 
accomplished by: distributing a first sub-set of line 
image data bits to all of the print head segments in the 
first row as a first line sub-image with at least one com- 30 
plete and at least one partially complete first line sub- 
image segment in the overlap region, each partially 
complete first line sub-image segment having its image 
pixels distributed in a first interleave pattern in the over- 
lap region; and distributing a second sub-set of line 35 
image data bits to ail print head segments in the second 
row as a second line sub-image with at least one com- 
plete and at least one partially complete second line 
sub-image segment in the overlap region, each partially 
complete segment of the second line sub-image having 40 
its image pixels distributed in a second interleave pat- 
tern in the overlap region that is complementary to the 
first interleave pattern of image pixels, so that the first 
and second line sub-images combine to produce a com- 
plete line image for each set of line image data bits. 45 

More particularly, each set of line print data bits is 
distributed by: counting the data bits of each print line 
data bit set; defining starting and ending data bit counts 
for each print head segment in the first and second 
rows, where the starting count for each such print head so 
segment is lower than the ending count of an immedi- 
ately adjacent print head segment in the overlap regions 
thereof; enabling the distribution of the first and second 
print line data bit sub-sets to the respective thermal print 
head segments in response to the starting and ending 55 
data bit counts for each print head segment, whereby 
the same print line data bits are enabled for distribution 
to the sub-sets of print head elements in each overlap 
region thereof; and selectively suppressing the distribu- 



tion of the same print line data bits to corresponding 
print elements in the overlap regions in a distributed pat- 
tern in the first and second sub-sets of overlapping 
printing elements of each print head segment. 

Beneficial Results of the Invention -The present 
invention thus produces a desired two-dimensional 
image from a succession of printed line images wherein 
the processing of the print line data for each successive 
printed line of image dots or pixels results in a differing 
distribution of the complementary complete areas of the 
partially complete segments of the first and second line 
sub-images for each successive printed line image. The 
apparatus and method operates to produce the sets of 
first and second line sub-images with the partially com- 
plete segments thereof having blank areas which are 
distributed in accordance with a pattern that does not 
produce a substantial linear alignment of the blank 
areas of each complete segment with those of the fol- 
lowing complete segment or segments. 

Moreover, in accordance with the invention, the 
apparatus and method also provides for blending of 
alignment error in the direction of printing. The seg- 
ments are also offset from one another in the printing 
direction, and misalignment of line image dots can 
occur in that direction also. By using a pattern of printing 
that optimally distributes all the errors into the higher 
detectable frequencies, the down page axis errors, e.g. 
streaks, become less noticeable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features 
of the present invention will become apparent from the 
following detailed description of the preferred embodi- 
ments thereof as illustrated in the drawings, in which: 

FIG. 1 is a perspective view of a divided line ther- 
mal printer assembly comprising three linear print 
head segments in two staggered rows extending 
across the width of a print receiver in relation to 
separate dye donor webs in which the invention 
may be practiced; 

FIG. 2 is a block diagram showing one embodiment 
of electronic system of the thermal printer of FIG. 1 
in which the invention may be practiced; 
FIG. 3 is a schematic diagram of the print head ele- 
ments and circuitry of the print head segments of 
FIG. 2; 

FIGS. 4A - 4D are simplified schematic views illus- 
trating the overlapping sub-segment regions of 
adjacent end elements of adjacent linear print head 
segments and the interleaving of pixels on the print 
media printed by the selective energization of first 
and second complementary sets of thermal ele- 
ments to print each data line in the FIG. 1 embodi- 
ment; 

FIG. 5 is a flow chart illustrating the method of oper- 
ating the system of FIGs. 1 and 4 in accordance 
with the invention; and 
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FIGS 6A and 6B are schematic views of the linear 
image pixel print overlap lines generated by the 
prior art system and the distributed, blended print 
overlap lines generated by the inventive system. 

The figures are not necessarily to scale. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 depicts the electro-mechanical components 
of a divided line thermal printer 10 operated by an illus- 
trative electronic printer controller 12 in which the 
present invention may be practiced. The printer control- 
ler 12 receives an image print data signals from a con- 
ventional computer image source (not shown) and 
generates line data bit sets in a manner to be described 
in reference to FIGs. 2 and 3 that are employed in print- 
ing fines of the multi-color image on a two-dimensional 
image frame on the receiver 14. Additionally, the printer 
controller 1 2 receives signals from the receiver and dye- 
donor film advancement mechanisms and detectors 
(not shown) in the thermal printer 10 which provide rou- 
tine administrative information, such as a position of the 
receiver 14, position of each of the dye-donor webs 36, 
38, 40, the beginning and end of a print cycle, etc. The 
printer controller 12 generates operating signals for all 
of the receiver and dye-donor web advance motors in 
response to such information. 

The receiver 14 is advanced in the print and return 
directions by the receiver drive motors 22 and 26 that 
rotate a conventional platen and capstan drive mecha- 
nism 24 and platen 28. The three illustrated print head 
segments 30, 32 and 34 and three corresponding dye- 
donor webs 36, 38, 40, respectively, bear against the 
image receiving surface of receiver 14. The dye-donor 
webs contain successive dye donor patches, desig- 
nated C, M, Y, of cyan, magenta and yellow (and, 
optionally, black) dye that is sublimated by heat to trans- 
fer from the respective patch and onto the image frame 
on the receiver 14. The printer controller 12 provides 
dye-donor web advance control signals to the advance 
motors and drive capstan and roller assemblies 42, 44 
and 46. 

The thermal printing elements of each print head 
segment 30, 32, 34 performs a printing operation by 
selectively heating and thereby transferring dots of 
cyan, magenta and yellow dye from the dye-donor 
patches onto the receiver 14 to form image dots or pix- 
els. The intensity or density of each resulting image 
pixel is dependent on the amount of each dye color that 
is deposited in the dye transfer effected by the heated 
element in contact with the dye patch. The amount of 
dye color transferred is dependent on the temperature 
of the heated element which in turn is dependent on the 
line print data for that particular line, color and element. 
In practice, the line print data for each image pixel may 
be either a binary single bit value to heat at a set time 
and current or not heat the element or it may be a multi- 



bit value which may control the time or current level to 
achieve a grey scale or gradation in density of the print 
dot. In either case, in order to simplify the description, 
the coded data for printing each line of print is referred 

5 to herein as comprising a set of line print data bits equal 
in number to the total number of thermal print head ele- 
ments making up the divided line print head that may be 
energized to print a line of image pixels. The creation of 
a full color image requires the deposition of the three 

70 color images in sequence and in registration on the 
image frame on receiver 14. This system of dye subli- 
mation and deposition thermal printing employing three 
color separation dye-donor films is well known in the 
prior art. 

is As described below, the double line thermal print 
head is constructed of a series, such as three, of linear 
print head segments 30, 32, 34 that each have n dis- 
crete thermal printing elements at a pitch of about 12 
pixels per millimeter. Each segment is energized by a 

20 sub-set of the line print data bit set to print a line sub- 
image. A certain number of the n thermal printing ele- 
ments in each segment overlaps in the print line direc- 
tion with a like number of elements in an adjacent (in the 
print line direction) segment. The overlapping elements 

25 are seldom in alignment or remain in alignment with 
thermal expansion and contraction of the segments. In 
a typical multi-colored image of this resolution, the 
unaided human eye does not readily detect an absence 
or misplacement of an occasional one of the image pix- 

30 els. However, the unaided human eye will detect a line 
or streak if a series of pixels are missing or misplaced if 
the misplacement has a substantially linear alignment. 
Thus if two subimages are joined at a line, an overlap 
resulting in greater pixel density or a gap resulting in 

35 lighter pixel density between the sub-images is visible 
as a line or streak to the unaided eye. Such a streak is 
evident in the illustration of FIG. 6A described hereafter. 

Consequently, it has been found desirable in our 
above-referenced 701 and '341 patents to merge two- 

4o dimensional sub-images of a two-dimensional image in 
a relatively long overlap segment whereby the image 
data is distributed randomly over a two-dimensional 
overlap segment. The visibility of the overlap segment 
of the two sub-images decreases with random distribu- 

45 tion of image data and as the length of the overlap seg- 
ment increases. 

In accordance with the present invention, each or 
the line sub-images is made partially complete in seg- 
ments of the image frame on the receiver 14 where the 

so elements of the print head segments 30, 32, 34 overlap. 
Distribution of the line image print data into three sub- 
image print data sub-sets is accomplished in a manner 
described hereafter by a microprocessor based data 
distributing circuit in the printer controller 10. The line 

55 image print data sub-sets for the line sub-images are 
stored in conventional RAM as data fields and retrieved 
when the corresponding line of the image frame on 
receiver 14 is advanced to the first row N 1 of print head 
segments 30 and 32 and later to the second row N 2 
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containing print head segment 34. 

FIG. 1 shows an exaggerated view of the arrange- 
ment of N (or three as shown) linear print head seg- 
ments 30, 32, 34 making up the linear thermal print 
head. As described above, the N linear print head seg- 
ments 30, 32 and 34 are arranged in staggered relation 
forming the pair of parallel rows designated N 1 and N 2 . 
The segments 30 and 32 are disposed along the 
upstream (in the direction of receiver advancement) row 
N 1 and the segment 34 is disposed along the down- 
stream row N 2 and between the segments 30 and 32 so 
that a certain number of the thermal printing elements in 
each segment overlap one another in the width dimen- 
sion on the receiver 14 in a manner explained hereafter 
in reference to FIGs. 4A - 4D. The parallel rows N 1 and 
N 2 are spaced from each other a given distance or gap 
D in the receiver 14 feeding direction. 

Turning now to FIGs. 2 and 3. they depict a sche- 
matic diagram of a portion of the print enabling circuitry 
for generating and controlling the printing of the fine 
print data stored in memory. The thermal print head 
segments 30, 32 and 34, shown schematically in FIG. 3, 
each comprise the n printing elements 50^ - 50 n , where 
n may be a binary number, e.g. 2048. The N sets of n 
thermal printng elements 50-, - 50 n are connected elec- 
trically in parallel to a drive voltage source at one termi- 
nal thereof and to a NAND gate 52 j - 52 n . The NAND 
gates 52 1 - 52 n each have one terminal which is cou- 
pled by conductors in common to one of a number, e.g. 
four, terminals that separately receive a comparable 
number of enable signals, ENABLE1 , ENABLE2, 
ENABLE3 and ENABLE4 in a manner known in the art. 

The other terminals of the NAND gates 52 : - 52 n 
are each separately coupled to latch stages 54 1 - 54 n . 
The latch stages 54^ - 54 n are coupled in common to a 
LATCH terminal and separately to the shift register 
stages 56! - 56 n so that line print data stored in the shift 
register stages 56-i - 56 n may be loaded into the latch 
stages - 54 n when a LATCH signal is applied 
thereto. The shift register stages 56<| - 56 n are serially 
connected to a DATA input terminal and commonly con- 
nected to a CLOCK terminal so that the line print data 
set may be clocked into the shift register stages 56 1 - 
56 n in a manner known in the art. 

A thermistor 60 is included in each of the thermal 
print head segments and provides a temperature 
related output signal in order to monitor the segment 
temperature and adjust the drive voltage accordingly. In 
FIG. 2, the thermistor output signals are applied to the 
temperature monitor block 62 which provides an adjust- 
ment signal to the control circuit 64. 

The interconnection of the N (three, in this embodi- 
ment) print head segments 30, 32, 34 with the printer 
controller 12 is depicted in FIG. 2. The line print data is 
received from memory in the printer controller 1 2 and 
applied to the control circuit 64 which develops the sys- 
tem CLOCK signal and CONTROL signals for the ther- 
mal element driving circuit 66 and the data distributing 
circuit 68. The CONTROL signals synchronize the dis- 



tribution of the line print data sub-sets among the print 
head segments 30, 32, 34 and the generation, by the 
thermal element driving circuit 66, of the enable signals 
ENABLE1, ENABLE2, ENABLE3, ENABLE4 in con- 

5 junction with the advancement and sensed positions of 
the receiver 14 and the dye-donor webs 36, 38, 40, indi- 
cated by the position sensor data. 

The distributing circuit 68 formats each line print 
data bit set of X data bits received at the LINE PRINT 

10 DATA input terminal into N sub-sets of line print data bits 
each having x data bits corresponding in number to the 
n thermal printing elements of each print head segment, 
wherein blank image pixel data bits are positionally 
interspersed in a complementary fashion with true 

is image pixel data bits in data bit sub-sets corresponding 
to the print elements in the overlapping portions of the 
print head segments. The formatting is accomplished by 
a timing and logic system illustrated in FIG. 5 and 
described after the description of the illustration of its 

20 function in reference to FIGs. 4A - 4D. 

Turning now to FIGs. 4A - 4D, they illustrate the 
printing of eleven successive lines of image pixels by 
the overlapping end regions of print head segment 30 in 
the first row N 1 and print head segment 34 in the second 

25 row N 2 in response to first and second line print data bit 
sets X 1 and X 2 . The two overlapping end regions of print 
head segments 30 and 34 each include sub-sets of n 1 
thermal printing elements as shown in simplified form in 
FIG. 4 A. The non -overlapping, remaining elements 

30 number n - n 1 for the segments 30 and n - 2n 1 for seg- 
ment 34, since it is assumed to overlap at its other end 
with the other print head segment 32 in the first row N 1 
illustrated in FIGs. 1 - 3. Thus, for the N illustrated seg- 
ments making up the divided line thermal print head of 

35 FIGs. 1 - 3, there are a total of N(n - n ,) + n , thermal 
print elements positioned to print a like number, desig- 
nated X, of line print data bits as image dots or pixels in 
a print line on the receiver sheet 1 4. In a concrete exam- 
ple, where N = 3, n = 2048 and n 1 = 8, X = 6128 data 

40 bits and image pixels that may be printed. In FIGs. 4A - 
4D, however, n 1 is illustrated as 5 for convenience. 

Referring again to FIG. 4A, the end portions of the 
overlapped print head segments 30 and 34 arranged in 
the rows N 1 and N 2 and each having, for simplicity of 

45 illustration, 5 overlapping print head elements to which 
5 line image data bits will be shared are illustrated. 
Thus, in this example, n 1 = 5, the overlapping data bit 
sub-set x 1 = 5, and the masked data bit sub-sets xV and 
x-j - x 1 f range between 1 and 4 of the five line image 

so data bits. 

The resulting interleaved fields 70 and 80 of image 
pixels printed by the respective print head segments in 
response to the masked data bit sub-sets are illustrated 
in FIGs. 4B and 4C. The fields 70 and 80 are depicted 

55 merged together in FIG. 4D. 

In reference to FIGs. 4B and 4C, two-dimensional 
fields 70 and 80 illustrate a succession of line sub- 
images of line image pixels separately printed by each 
print head segment under the control of a line print data 



6 



11 

bit or a blank bit. Each of fields 70 and 80 is shown sym- 
bolically, for purposes of illustration, with a print line 
segment of only eleven pixels. Each square bounded by 
the vertical and horizontal lines corresponds to a printed 
or blank image pixel effected by an energized or non- 5 
energized thermal element driven by a corresponding 
data bit or blank bit. 

Shaded squares of each of the fields 70 and 80 
symbolically represent line image pixels in the positions 
corresponding to thermal elements to which the distrib- 10 
uting circuit 68 has assigned an image data bit, regard- 
less of the density or color of the image pixel that would 
actually result on printing. Unshaded or blank squares 
in the overlap segments 72 and 82 represent such posi- 
tions where the image data bit is blanked or made 15 
"zero". The distributing circuit 68 selects, at random, the 
distribution of the image and blank data bits, as long as 
the random distribution differs from that of the last line 
printed. A pattern generator may be employed which 
provides what appears to the eye to be a random distri- 20 
button. In this fashion, image data is placed into all over- 
lapping data bit locations in field 80 that correspond to 
blank bit locations of the field 70 and vice versa. 

Field 70 also illustrates a non-overlap or complete 
image pixel field segment 74 in addition to the overlap 25 
image pixel field segment 72. Field 80 similarly illus- 
trates the overlap image pixel field segment 82 and a 
non-overlap image pixel field segment 84. The seg- 
ments 72 and 82 overlap by the five overlapping print 
head elements. 30 

The illustrated field patterns are effected by the 
operating system of the distributing circuit 68 of printer 
controller 12 illustrated in FIG. 5. The system of FIG. 5 
divides each line print data set of X data bits into N sep- 
arate blocks of data bit sub-sets X 1? X 2 , . . . that are 35 
sequentially directed to the N print head segments. 
Each line print data set received on the HEAD DATA 
AND CLOCK line is directed to the HEAD N 1 DATA 
DECODE block 100 1 i, the HEAD N 2 DATA DECODE 
block 100 2 and the further decode blocks (not shown) 40 
for the N thermal print head segments. A logic network 
within each data decode block 100 1f 100 2 , etc., sepa- 
rates and transforms the line data bit stream of X data 
bits into the data bit sub-sets X 1 , X 2 , . . . appearing 
at the output terminals thereof. 45 

Although not specifically shown, it will be under- 
stood that the even numbered data bit sub-sets, e.g. X 2 , 
are directed to line storage buffers for temporary stor- 
age so that the printing of the line segment may be syn- 
chronized to the movement of the receiver 1 4 from the so 
first row N 1 position to the second row N 2 position of 
FIG. 1. 

A PIXEL COUNTER block 104 counts the X data 
bits of each data line, and the count is applied to the first 
and second comparator and logic networks 106 1( 106 2 ss 
and IOBl 108 2 . labeled PC<HE and PC>HS respec- 
tively, of each data decode block 1 00 N which divides the 
data bit stream of X data bits into the N separate blocks 
of data bit sub-sets X-,, X 2 , . . . Xm. The comparator and 
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logic networks 106 and 108 also receive HEAD N N 
START and HEAD N N END pixel count values from 
blocks 1 10 and 1 12 in each of the data decode blocks 
100 N which denote the pixel counts of the first and last 
data bits of the N separate blocks of data bit sub-sets 
X 1? X 2 , . . . Xn that can be printed by the respective N 
print head segments. The start count of each block 1 1 0 2 
- 1 10 N will be less than the end count of the preceding 
block 1 12! - 1 12 N .-j by the number of overlap data bits. 

A line counter 114 detects the starting bit and 
counts each successive line of X print data bits to pro- 
vide an increment signal to the INTERLEAVE DATA 
SELECT block 116 which responds by retrieving a new 
interleave pattern from the INTERLEAVE SEQUENCE 
TABLE memory 118. The INTERLEAVE SEQUENCE 
TABLE 118 stores a series of interleave patterns for a 
corresponding series of successively printed lines, e.g. 
8 lines. Each interleave pattern is a set of binary num- 
bers for each data bit position of the overlapping sub- 
sets of x 1 data bits (e. g. 8 pixels), and successive pat- 
terns do not repeat from print line to print line. 

The retrieved interleave pattern is applied directly 
or through an INVERTER block 120 to the SUPPRESS 
PRINT? blocks 122-, - 122 N . The interleave pattern 
binary value for each data bit position provides either a 
"pass" or a "block" signal which is inverted by block 120. 
Each block 122 responds to a block signal by blocking 
passage of or substituting a zero output value data bit 
for a "true" data bit value present at its input ENBL and 
responds to a pass signal by passing the true data bit 
value on. The retrieved interleave pattern is only applied 
to blocks 122 1 - 122 N in synchrony with the application 
of the overlapping sub-sets of x 1 data bits thereto. 
Therefore, the non-overlap data bit sub-sets are passed 
through all of the blocks 122 1 - 122 N . 

In the three print head segment example described 
above, the INTERLEAVE DATA SELECT block 116 
may be activated by pixel counts of 2040 - 2048 and 
4080 - 4088 for a printer having 3 print head segments 
of 2048 print head elements and an overlap of 8 ele- 
ments. The start and end counts of the three print head 
segments stored by blocks 110 1 . 3 and 1 12^3 would be 
0 and 2048, 2040 and 4088, and 4080 and 6028, 
respectively. Therefore, the retrieved interleave pattern 
would be applied twice in each print line to the three 
SUPPRESS PRINT? blocks while the overlap data bit 
sub-sets are applied to the ENBL inputs thereof. 

In the course of printing, the motor drive mecha- 
nisms depicted in FIG. 1 are operated to advance the 
receiver media 14 and the dye-donor transfer webs 36, 
38, 40 past the first and second rows N 1 and N 2 of the 
N print head segments. The line print data bit sub-sets 
Xn are transferred on the DATA line to the respective 
DATA input terminals of the first and second rows of 
print head segments in synchrony with the advance- 
ment of the receiver 1 4 so as to allow the printing of the 
even numbered line print data bit sub-sets, e.g. X 2 , with 
the respective odd numbered line print data bit sub- 
sets, e.g. X 1 and X 3 , in a single image line on the 



EP 0 619 188 B1 



7 



13 EP 0 619 188 B1 14 



receiver 14. 

During the printing of successive lines, the above 
steps are repeated with successive interleave patterns 
retrieved for each line of print data. In this fashion, linear 
print anomalies are decreased such that lines and 5 
streaks are not perceived by the unaided eye. 

FIGS 6A and 6B are schematic views of the linear 
image pixel print overlap lines generated by the prior art 
system and the distributed, blended print overlap lines 
generated by the inventive system as described above, w 
In the divided line print head described, the maximum 
shift in relative overlap between adjacent thermal print 
head segments is half of a dot pitch as long as the line 
print data bit set is divided so that adjacent thermal ele- 
ments in the overlapping region are selected. It can is 
happen, however, through thermal expansion and con- 
traction of the print head segments, that the overlap of 
energized adjacent thermal elements of each print head 
segment shifts to increase the overlap or open a gap 
which creates a dark line or a blur in the vertical direc- 20 
tion and is very conspicuous. FIG. 6A illustrates a minor 
but noticeable line due to overlap of less than half of a 
dot pitch. 

Thus in conventional divided line print heads, the 
error consists of a continuous straight line that occurs at 25 
the transition area from one segment to another as 
shown in FIG. 6A. The human eye resolution of the error 
is finer than the size of the pixel. The misalignment of 
the segments is noticeable not in the width of the dis- 
continuity, but in its (lower frequency) length. When the 30 
mis-registration is blended in the width direction by 
interleaved distribution of the line print data bits in the 
overlapping region, the misalignment is blended into the 
sub-visual frequency of the elements as shown in FIGs. 
4D and 6B. 35 

In FIG. 6B, if the shift corresponds to a gap in which 
pixels are formed, it cannot be discriminated by eye. 
According to the first embodiment, since the overlap 
recording region corresponds to the two pixels, no gaps 
occur between the thermal heads. A printed image of 40 
high quality can thus be obtained. Further, the thermal 
heads are arranged so that the number of overlapped 
pixels is larger than that of overlap-recorded pixels, and 
the number of pixels suitable for the overlap recording is 
determined by defining a range of the pixels to be used. 45 
Therefore, the thermal head segments can be easily 
positioned. 

The present invention can be applied to other forms 
of printing than thermal transfer recording apparatus 
using thermal fusion ink, thermal sublimation ink or the so 
like. 

It is to be appreciated and understood that the spe- 
cific embodiments of the present invention are merely 
illustrative of the general principles of the invention. The 
invention will be understood to encompass variations 55 
and modifications thereof and equivalents thereto within 
the scope of the invention defined by the appended 
claims. 

Thus, in general terms, the invention relates to an 



Apparatus for operating a printer (10) having printing 
data control means (64, 66. 68) for distributing the print 
line data bits among the plurality of print head seg- 
ments. 

Claims 

1 . Apparatus for operating a printer (1 0) having a plu- 
rality of print head segments (30, 32, 34) arrayed in 
first and second rows (N 1 and N2) in the direction of 
the printing line, each print head segment further 
comprising a plurality of printing elements (50 1 -50 n ) 
responsive to print line data bits applied thereto for 
printing image pixels in a print line on a receiver and 
responsive to sequentially applied print line data bit 
sets for printing successive image fines on the 
receiver, wherein the first and second rows of print 
head segments are positioned so that a first sub-set 
of a number of the printing elements of each print 
head segment in the first row spatially overlaps with 
a second sub-set of a like number of the printing 
elements of each adjacent print head segment in 
the second row, if any, thereby defining an overlap 
region, and wherein the receiver is moved relative 
to the first row and the second row of print head 
segments in printing each image line, the apparatus 
characterized by: printing data control means (64, 
66, 68) for distributing the print line data bits among 
the plurality of print head segments (30, 32, 34) so 
that print line data bits are distributed in a comple- 
mentary blended pattern (70, 80) among the over- 
lapping printing elements (50^ -50 n ) of said plurality 
of print head segments. 

2. The apparatus of Claim 1 wherein said printing data 
control means (64, 66, 68) is further characterized 
by: 

means (66) for distributing a first sub-set of line 
image data bits to all of the print head seg- 
ments in the first row as a first line sub-image 
(70) with at least one (74) complete and at least 
one (72) partially complete first line sub-image 
segment in the overlap region, each partially 
complete first line sub-image segment having 
its image pixels distributed in a first interleave 
pattern in the overlap region; and 
means for distributing a second sub-set of line 
image data bits to all print head segments in 
the second row as a second line sub-image 
(80) with at least one (84) complete and at least 
one (82) partially complete second line sub- 
image segment in the overlap region, each par-* 
tiaily complete segment of the second line sub- 
image having its image pixels distributed in a 
second interleave pattern in the overlap region 
that is complementary to the first interleave 
pattern of image pixels, so that the first and 
second line sub-images combine to produce a 
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complete line image for each set of line image 
data bits. 

3. The apparatus of Claim 2, wherein said printing 
data control means is further characterized by: s 

means for temporarily storing distributed sec- 
ond sub-sets of line image data bits to be trans- 
ferred to said printing elements of the print 
head segments in the second row so as to con- w 
trol the printing of complete line images with 7. 
the first and second distributed line image data 
sub-sets; and 

enabling means synchronized with said moving 
means for enabling the printing elements to is 
print the image data temporarily stored in said 
temporary storing means. 

4. The apparatus of Claim 1, wherein said printing 
data control means is further characterized by: 20 



of line image data bits among the sub-sets of 
overlapping thermal printing elements of each 
thermal print head segment in a random pat- 
tern such that successive complementary sub- 
sets of line image data bits printed by the first 
and second sub-sets of overlapping thermal 
printing elements produce complete line 
images without discernible repeating patterns 
in the overlap region. 

The printing apparatus of Claim 1 for printing an 
image by successively printing the image lines onto 
the receiver by thermal transfer of dye from a dye- 
donor media, wherein the print head segments fur- 
ther comprise linear thermal print head segments 
each comprising a set of thermal printing elements 
which, when energized by a data bit, effect the ther- 
mal transfer of a dye from the dye-donor transfer 
media onto the receiver as a localized image pixel, 
and is further characterized by: 



first means for moving the receiver relative to 
the first and second rows of linear thermal print 
head segments; 
25 second means for moving dye-donor transfer 

media relative to said first and second rows of 
linear thermal print head segments and the 
receiver sheet; 

means for temporarily storing distributed sec- 
30 ond sub-sets of line image data bits to be trans- 

ferred to said printing elements of the thermal 
print head segments in the second row; and 
enabling means synchronized with said first 
and second moving means for enabling the 
35 printing elements of the second row of print 

head segments to print the image data tempo- 
rarily stored in said temporary storing means 
so as to control the printing of complete line 
images with the first and second distributed line 
40 image data sub-sets. 

8. The apparatus according to Claim 7, wherein said 
printing data control means is further characterized 

by: 



means for counting the data bits of each print 
line data bit set; 

means for defining starting and ending data bit 
counts for each print head segment in the first 
and second rows, where the starting count for 
each such print head segment is lower than the 
ending count of an immediately adjacent print 
head segment in the overlap regions thereof; 
means responsive to the starting and ending 
data bit counts for each print head segment for 
enabling the distribution of the first and second 
print line data bit sub-sets to the respective 
thermal print head segments, whereby the 
same print line data bits are enabled for distri- 
bution to the sub-sets of print head elements in 
each overlap region thereof; and 
means for selectively suppressing the distribu- 
tion of the same print line data bits to corre- 
sponding print elements in the overlap regions 
in a distributed pattern in the first and second 
sub-sets of overlapping printing elements of 
each print head segment. 

5. The apparatus of Claim 4 is further characterized 45 
by: 

means for changing the distributed pattern for 
each successive print line data bit set such that 
successive complementary sub-sets of line so 
image data bits printed by the sub-sets of over- 
lapping printing elements produce complete 
line images without discernible repeating pat- 
terns. 

55 

6. The apparatus of Claim 1, wherein said printing 
data control means is further charcterized by: 

means for distributing each successive sub-set 



means for counting the data bits of each print 
line data bit set; 

means for defining starting and ending data bit 
counts for each thermal print head segment, 
where the starting count for each such print 
head segment is lower than the ending count of 
an immediately adjacent print head segment in 
the overlapping regions thereof; 
means responsive to the starting and ending 
data bit counts for each thermal print head seg- 
ment for enabling the distribution of sub-sets of 
the print fine data bit set to the respective ther- 
mal print head segments, whereby the same 
print line data bits are enabled for distribution to 
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the sub-sets of print head elements in the over- 
lapping regions thereof; and 
means for selectively disabling the distribution 
of the same data bits to corresponding thermal 
printing elements in the overlapping regions in s 
a distributed pattern throughout the first and 
second sub-sets of overlapping thermal print- 
ing elements of each thermal print head seg- 
ment. 

w 

9. The apparatus of Claim 8 further characterized by: 

means for changing the distributed pattern tor 
each successive print line data bit set such that 
successive complementary sub-sets of line is 
image data bits are printed by the sub-sets of 
overlapping thermal printing elements produce 
complete line images without discernible 
repeating patterns. 

20 

10. The apparatus of Claim 8, wherein said processing 
means is further characterized by: 

means for distributing each successive sub-set 
of line image data bits among the sub-sets of 25 
overlapping thermal printing elements of each 
thermal print head segment in a random pat- 
tern such that successive complementary sub- 
sets of line image data bits printed by the sub- 
sets of overlapping thermal printing elements 30 
produce complete line images without discern- 
ible patterns due to continuously energized 
thermal printing elements of one or the other of 
the linear thermal print head segments. 

35 

1 1. The apparatus of Claim 1 further characterized by: 

means for distributing the data bits of each print 
line data bit set among the printing elements of 
the plurality of print head segments so that a 40 
data bit is applied to each printing element and 
identical sub-sets of the data bits are distrib- 
uted to the overlapping first and second sub- 
sets of printing elements in each overlap 
region; 45 
means for generating first and second comple- 
mentary interleave patterns of suppress data 
bits corresponding in number and spatial posi- 
tion to the overlapping first and second sub- 
sets of printing elements; so 
means for suppressing the printing of image 
pixels by the first overlapping sub-set of print- 
ing elements in response to the first interleave 
pattern thereby forming a first partially com- 
plete print line of image pixels distributed 55 
throughout the overlap region in a first pattern; 
means for suppressing the printing of image 
pixels by the second overlapping sub-set of 
printing elements in response to the second 



interleave pattern thereby forming a second 
partially complete print line of image pixels dis- 
tributed throughout the overlap region in a sec- 
ond pattern that is complementary to the first 
pattern, so that the first and second partially 
complete print lines combine to produce a sin- 
gle complete print line image in each overlap 
region. 

12. The apparatus of Claim 1 1 wherein the generating 
means is further characterized by: 

means for altering me interleave pattern of the 
suppress data bits each time the first and sec- 
ond complementary interleave patterns are 
generated so that the interleave pattern is not 
repeated for successive print lines of image 
pixels. 

PatentansprOche 

1. Vorrichtung zum Betrieb eines Druckers (10) mit 
einer Vielzahl von Druckkopfsegmenten (30, 32, 
34) angeordnet in ersten und zweiten Reihen (N1 
und N2) in Rtchtung der Druckzeile, wobei jedes 
Druckkopfsegment ferner eine Vielzahl von Druck- 
elementen (50 1 -50 n ) aufweist und zwar anspre- 

. chend auf die DruckzeilendatenbHs angelegt daran 
zum Drucken von Bildpixeln in einer Druckzeile auf 
einem Aufnehmer und ansprechend auf sequentiell 
angelegte Druckzeilendatenbitsatze zum Drucken 
aufeinanderfolgender Bildzeilen auf dem Aufneh- 
mer, wobei die ersten und zweiten Reihen von 
Druckkopfsegmenten derart positioniert sind, daB 
ein erster Sub- Oder Untersatz einer Anzahl der 
Druckelemente jedes Druckkopfsegmentes in der 
ersten Reihe rdumlich sich uberlappt mit einem 
zweiten Sub- Oder Untersatz einer gleichen Anzahl 
von Druckelemerrten jedes benachbarten Druck- 
kopfsegments der zweiten Reihe, wenn vorhanden, 
wodurch eine Uberlappungsregion oder -zone defi- 
niert wird und wobei der Empf&nger relativ zu der 
ersten Reihe und der zweiten Reihe der Druckkopf • 
segmerrte beim Drucken jeder Bildzeile bewegt 
wird, wobei die Vorrichtung gekennzeichnet ist 
durch: 

Druckdatensteuermittel (64, 66, 68) zum Verteilen 
der Druckzeilendatenbits unter der Vielzahl von 
Druckkopfsegmenten (30, 32, 34) derart, daB die 
Druckzeilendatenbits in einem komplementar 
gemischten Muster (70, 80) unter den uberlappen- 
den Druckelemerrten (50 r 50 n ) der Vielzahl von 
Druckkopfsegmenten verteilt sind. 

2. Vorrichtung nach Anspruch 1 wobei die Druckda- 
tensteuermittel (64, 66, 68) ferner gekennzeichnet 
sind durch: 

Mittel (66) zur Verteilung eines ersten Sub- 
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Oder Untersatzes von Zeilenbiiddatenbits auf 
al!e Druckkopfsegmente in der ersten Reihe 
als ein erstes Zeilensub- Oder Unterbild (70) 
mit mindestens einem (74) vollstandigen und 
mindestens einem (72) teilweise vollstandigen 5 
ersten Zeilenunter- oder Subbildsegment in der 
Uberlappungsregion wobei jedes teilweise voll- 
standige erste Zeilensubbildsegment seine 
Bildpixel in einem ersten ineindandergreifen- 
den Muster in der Uberlappungsregion verteilt 10 
besitzt; und 

Mittel zum Verteilen eines zweiten Unter- oder 
Subsatzes von Zeilenbiiddatenbits auf alle 
Druckkopfsegmente in der zweiten Reihe als 
ein zweites Zeilensub- oder Unterbild (80) mit is 
mindestens einem (84) vollstandigen und min- 
destens einem (82) teilweise vollstandigen 
zweiten Zeilensubbildsegment in der Uberlap- 
pungsregion, wobei jedes teilweise vollstan- 
dige Segment des zweiten Zeilensubbiids 20 
seine Bildpixel in einem zweiten ineinander- 
grerfenden Muster in der Uberlappungsregion 
verteilt besitzt, das komplementar ist zu dem 
ersten ineinandergreifenden Muster der Bildpi- 
xel, so da B die ersten und zweiten Zeilensub- 25 
oder Unterbilder in Kombination ein vollstandi- 
ges Zeilenbild fur jeden Satz von Zeilenbiidda- 
tenbits erzeugen. 

3. Vorrichtung nach Anspruch 2 wobei die Druckda- 30 
tensteuermittel ferner gekennzeichnet sind durch: 

Mittel zum zertweisen Speichern verteilter 
zweiter Unter- oder Subsatze von Zeilenbiidda- 
tenbits, die zu den Druckelementen der Druck- 35 
kopfsegmente in der zweiten Reihe ubertragen 
werden mussen, urn so das Drucken von voll- 
standigen Zeilenbildern mit den ersten und 
zweiten verteilten Zeilenbilddatensubsatzen zu 
vollenden; und 40 
Betatigungs- oder Enablingmittel synchroni- 
siert mit den Bewegungsmitteln, urn die Druck- 
elemente zu betatigen oder in die Lage zu 
versetzen, zertweise in den temporaren Spei- 
chermitteln gespeicherte Bilddaten zu drucken. 45 

4. Vorrichtung nach Anspruch 1 wobei die Druckda- 
tensteuermittel ferner gekennzeichent sind durch: 

Mittel zum Zahlen der Datenbrts jedes Druck- so 
zeilendatenbitsatzes; 

Mittel zum Definieren von startenden und 
endenden Datenbitzahlerstanden fur jedes 
Druckkopfsegment in den ersten und zweiten 
Reihen, wobei der startende Zahlerstand fur 55 
jedes derartige Druckkopfsegment niedriger ist 
als der endende Zahlerstand eines unmittelbar 
benachbarten Druckkopfsegments in den 
Uberlappungsregionen davon; 



Mittel ansprechend auf die startenden und 
endenden Datenbitzdhlerstande fur jedes 
Druckkopfsegment zum Bewirken oder Ena- 
blen der Verteilung der ersten und zweiten 
Druckzeilendatenbituntersatze zu den entspre- 
chenden termischen Druckkopfsegmenten, 
wodurch die gleichen Druckzeilendatenbits in 
die Lage versetzt oder enabled werden zur Ver- 
teilung an die Sub- oder Untersatze der Druck- 
kopfelemente in jeder Uberlappungsregion 
davon; und 

Mittel zum selektiven Unterdrucken der Vertei- 
lung der gleichen Druckzeilendatenbits an ent- 
sprechende Druckelemente in den Uberla- 
ppungsregionen in einem verteilten Muster in 
den ersten und zweiten Subsatzen der Qber- 
lappenden Druckelemente jedes Druckkopf- 
segments. 

5. Vorrichtung nach Anspruch 4 ferner gekennzeich- 
net durch: 

Mittel zur Anderung des verteilten Musters fur 
jeden aufeinanderfolgenden Druckzeilendaten- 
bitsatz derart, daB aufeinanderfolgende kom- 
plemerttare Subsatze von Zeilenbiiddatenbits 
gedruckt durch die Subsatze von uberlappen- 
den Druckelementen vollstandige Zeilenbilder 
erzeugen, ohne erkennbare sich wiederho- 
lende Muster. 

6. Vorrichtung nach Anspruch 1 , wobei die Druckda- 
ten-steuermittel ferner gekennzeichnet sind durch: 

Mittel zur Verteilung jedes aufeinanderfolgen- 
den Subsatzes von Zeilenbiiddatenbits unter 
den Subsatzen von uberlappenden termischen 
Druckelementen jedes termischen Druckkopf- 
segments in einem Zufallsmuster derart, daB 
aufeinanderfolgende komplementare Subsatze 
von Zeilenbiiddatenbits gedruckt durch die 
ersten und zweiten Subsatze von uberlappen- 
den termischen Druckelementen vollstandige 
Zeilenbilder erzeugen, ohne erkennbare Wie- 
derholungsmuster in der Gberlappungsregion. 

7. Druckvorrichtung nach Anspruch 1 zum Drucken 
eines Bildes durch aufeinanderfolgendes Drucken 
der Bildzeilen auf den Auf nehmer durch termischen 
Transfer von Farbstoff von einem farbstoffabgeben- 
den Medium, wobei die Druckkopfsegmente ferner 
lineare termische Druckkopfsegmente aufweisen, 
von denen jedes einen Satz von termischen Druck- 
elementen aufweist, die dann, wenn sie durch ein 
Datenbit erregt sind, die termische Ubertragung 
oder den Transfer eines Farbstoffs von dem Farb- 
stoffabgabetransfermedium auf den Empfanger als 
ein Ortliches Bildpixel bewirken, und ferner gekenn- 
zeichnet durch: 
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erste Mittel zur Bewegung des EmpfSngers 
relativ zu den ersten und zweiten Reihen von 
linearen termischen Drucktopfsegmenten; 
zweite Mittel zur Bewegung des Farbstoffabga- 
betransfermediums relativ zu den ersten und s 
zweiten Reihen von linearen termischen 
Drucktopfsegmenten und dem Aufnahmeele- 
ment; 

Mittel zum tempordren Speichern verteilter 
zweiter Sub- Oder Untersatze von Zeilenbildda- 10 
tenbits, die zu den erwahnten Druckelementen 
der termischen Druckkopfsegmente in der 
zweiten Reihe Obertragen werden sollen; und 
Enabling- Oder Betatigungsmittel synchronic 
siert mrt den ersten und zweiten sich bewegen- is 
den Mitteln zum Enablen bzw. Bewirken, daB 
die Druckelemente der zweiten Reihe von 
Drucktopfsegmenten die zeitweise in den tern- 
poraren Speichermitteln gespeicherten Bildda- 
ten drucken, um so das Drucken vollstdndiger 20 
Zeilenbilder mit den ersten und zweiten verteil- 
ten Zeiienbilddatensubsatzen zu steuern. 

8. Vorrichtung nach Anspruch 7 wobei die Druckda- 
tensteuermittel ferner gekennzeichnet sind durch: 25 
Mittel zum Zahlen der Datenbits jedes Druckzeilen- 
datenbitsatzes; 

Mittel zum Def inieren der Anfangs- Oder Start- 
datenbitzahlerstande und der Enddatenbitzah- 30 
lerstSnde fur jedes termische Druckko- 
pfsegment, wobei der Anfangszahlerstand fur 
jedes derartige Druckkopfsegment niedriger 
liegt als der Endzahlerstand eines unmittelbar 
benachbarten Druckkopfsegmentes in uber- 35 
lappenden Regionen davon; 
Mittel ansprechend auf die Anfangs- und End- 
datenbitzahlerstande fur jedes termische 
Druckkopfsegment zum Bewirken oder Ena- 
blen der Verteilung der Subsatze des Druckzei- 40 
lendatenbitsatzes an die entsprechenden 
termischen Druckkopfsegmente, wodurch die 
gleichen Druckzeilendatenbits in die Lage ver- 
setzt werden fur die Verteilung an die Subsatze 
von Druckkopfelementen in den uberlappen- 45 
den Regionen davon; und 
Mittel zur selektiven Unterbirtdung oder Disab- 
ling der Verteilung der gleichen Datenbits an 
die entsprechenden termischen Druckele- 
mente in den Uberlappungsregionen in einem so 
verteilten Muster uber die ersten und zweiten 
Subsatze von uberlappenden termischen 
Druckelementen in jedem termischen Druck- 
kopfsegment hinweg. 

55 

9. Vorrichtung nach Anspruch 8 und ferner gekenn- 
zeichnet durch: 

Mittel zum Andern des verteilten Musters fur 



jeden aufeinanderfbigenden Druckzeilendaten- 
bitsatz derart, daft aufeinanderfolgende kom- 
plementare Subsatze von Zeilenbilddatenbits 
durch die Subsatze von uberlappenden termi- 
schen Druckelementen gedruckt werden, um 
vollstandige Zeilenbilder ohne unterscheidbare 
Wiederholungsmuster zu drucken. 

10. Vorrichtung nach Anspruch 8 wobei die Verarbei- 
tungs-mitte! ferner gekennzeichnet sind durch: 

Mittel zur Verteilung jedes aufeinanderfolgen- 
den Subsatzes von Zeilenbilddatenbits unter 
den Subsdtzen von uberlappenden termischen 
Druckelementen jedes termischen Druckkopf- 
segments in einem Zufallsmuster derart, daB 
aufeinanderfolgende komplementare Subsatze 
von Zeilenbilddatenbits gedruckt durch die 
Subsatze von uberlappenden termischen 
Druckelementen vollstandige Zeilenbilder erze- 
ugen, und zwar ohne unterscheidbare Muster 
in Fblge der korrtinuierlich erregten termischen 
Druckelemente des einen oder des anderen 
der linearen termischen Druckkopfsegmente. 

11. Vorrichtung nach Anspruch 1 ferner gekennzeich- 
net durch: 

Mittel zur Verteilung der Datenbits jedes Druck- 
zeilendatenbitsatzes unter den Druckelemen- 
ten der Vielzahl von Drucktopfsegmenten 
derart, daB ein Datenbit an jedes Druckele- 
ment angelegt wird und identische Subsatze 
von Datenbits an die uberlappenden ersten 
und zweiten Subsatzen von Druckelmerrten in 
jeder Uberlappungsregion verteilt werden; 
Mittel zur Erzeugung erster und zweiter kom- 
plementarer ineinandergreifender Muster von 
Unterdruckungsdatenbits entsprechend hin- 
sichtlich Zahl und raumlicher Position den 
uberlappenden ersten und zweiten Subsatzen 
von Druckelementen; 

Mittel zum Unterdrucken des Druckens von 
Bildpixeln durch den ersten uberlappenden 
Subsatz von Druckelementen ansprechend auf 
das erste ineinandergreifende Muster, wodurch 
eine erste partiell vollstandige Druckzeile von 
Bildpixeln gebildet wird und zwar verteilt uber 
die Uberlappungsregion in einem ersten 
Muster; 

Mittel zum Unterdrucken des Druckens von 
Bildpixeln durch den zweiten uberlappenden 
Subsatz von Druckelementen ansprechend auf 
das zweite ineinandergreifende Muster, 
wodurch eine zweite partiell vollstandige 
Druckzeile von Bildpixeln verteilt uber die Uber- 
lappungsregion gebildet wird und zwar in 
einem zweiten Muster das komplementSr ist zu 
dem ersten Muster, so daB die ersten und 



12 



23 



EP 0 619 188 B1 



24 



zweiten partiell vollstandigen Druckzeilen in 
Kombination ein einziges vollstandiges Druck- 
zeilenbild in jeder Uberlappungsregion erzeu- 
gen. 

5 

12. Vorrichtung nach Anspruch 11 wobei die Erzeu- 
gungs-mittel ferner gekennzeichnet sind durch: 

Mitte! zum Andern des ineinandergreifenden 
Musters von Unterdruckungsdatenbits jedes- w 
mal dann, wenn die ersten und zweiten kom- 
plementaren ineinandergreifenden Muster 
derart erzeugt sind, daft das ineinandergrei- 
fende Muster nicht fur aufeinanderfolgende 
Druckzeilen von Bildpixeln wiederholt wird. is 

Revendications 

1. Appareil pour mettre en oeuvre une imprimante 
(10) comportant une plurality de segments de t§te 20 
d'impression (30, 32, 34) disposes dans des pre- 
miere et seconde rang6es (N 1 et N 2 ) dans le sens 

de la ligne d'impression, chaque segment de tete 
d'impression comprenant de plus une plurality 
d'eiements d'impression (50 1 k 50 n ) repondant aux 25 
bits d'information de ligne k imprimer appliques k 
ceux-ci pour imprimer des pixels images en une 
ligne d'impression sur un recepteur et repondant k 
des ensembles de bits d'information de ligne k 
imprimer appliques s6quentiellement pour impri- 30 
mer des lignes d'image successives sur le recep- 
teur, dans lequel les premiere et seconde rang6es 
des segments de tete d'impression sont position- 
n£es d une mani&re telle qu'un premier sous- 
ensemble d'un certain nombre demerits 35 
d'impression de chaque segment de t§te d'impres- 
sion dans la premiere rang6e chevauche spatiale- 
ment un second ensemble d'un nombre iderttique 
d'eiements d'impression de chaque segment de 
tete d'impression adjacent dans la seconde rangee, 40 
s'il en existe, def inissant de ce fait une region de 
chevauchement et dans lequel le r6cepteur se 
d6place par rapport k la premiere rang6e et k la 
seconde rangee des segments de tete d'impres- 
sion pendant I'impression de chaque ligne image, 45 
I'appareil etant caract6ris6 par : un moyen de com- 
mando d'informations d'impression (64, 66, 68) 
pour repartir ies bits d'information de ligne k impri- 
mer parmi la plurality des segments de t§te 
d'impression (30, 32, 34) d'une mani&re telle que so 
les bits d'information de ligne k imprimer sont 
r6partis en un motif melange de manure compie- 
mentaire (70, 80) parmi les elements d'impression 
se chevauchant {50^ k 50 n ) de ladite plurality des 
segments de tete d'impression. 55 

2. Appareil selon la revendication 1 dans lequel ledit 
moyen de commande d'informations d'impression 
(64, 66, 68) est de plus caracterise par : 



un moyen (66) pour repartir un premier sous- 
ensemble de bits d'informations d'image de 
ligne sur la totality des segments de t§te 
d'impression dans la premiere rangee comme 
une premise sous-image de ligne (70) avec un 
premier segment de sous-image de ligne au 
moins complet (74) et au moins partiellement 
complet (72) dans la region de chevauche- 
ment, chaque premier segment de sous-image 
de ligne partiellement complet ayant ses pixels 
images r6partis en un premier motif entrelace 
dans la region de chevauchement ; et 
un moyen pour repartir un second sous- 
ensemble de bits d'information d'image de 
ligne sur la totality des segments de tete 
d'impression dans la seconde rangee comme 
une seconde sous-image de ligne (80) avec un 
second segment de sous-image de ligne au 
moins complet (84) et au moins partiellement 
complet (82) dans la region de chevauche- 
ment, chaque segment partiellement complet 
de la seconde sous-image de ligne ayant ses 
pixels images repartis en un second motif 
entrelace dans la region de chevauchement qui 
est compiementaire du premier motif entrelace 
des pixels images, d'une mani&re telle que les 
premiere et seconde sous-images de ligne se 
combinent af in de produire une image de ligne 
complete pour chaque ensemble de bits 
d'informations d'image de ligne. 

3. Appareil selon la revendication 2, dans lequel ledit 
moyen de commande d'informations d'impression 
est de plus caract6ris6 par : 

un moyen pour memoriser temporairement ies 
seconds sous-ensembles repartis des bits 
d'information d'image de ligne qui doivent §tre 
transfers auxdits elements d'impression des 
segments de t§te d'impression dans la 
seconde rangee de fagon k commander 
I'impression des images de ligne complete 
avec les premier et second sous-ensembles 
d'informations d'images de ligne repartis ; et 
un moyen de validation synchronise avec ledit 
moyen de deplacement pour valider les ele- 
ments d'impression de fagon k imprimer les 
informations d'images m6moris6es temporai- 
rement dans ledit moyen de memorisation tem- 
poraire. 

4. Appareil selon la revendication 1 , dans lequel ledit 
moyen de commande d'informations d'impression 
est de plus caracterise par : 

un moyen pour compter les bits d'information 
de chaque ensemble de bits d'information de 
ligne & imprimer ; 

un moyen pour definir les comptes de bits 
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conformation de d6but et de fin pour chaque 
segment de t§te d'impression dans les pre- 
miere et seconde rangees, ou le compte de 
debut pour chaque segment de tete dlmpres- 
sion est inf erieur au compte de fin du segment 5 
de tete d'impression immediatement adjacent 
dans les regions de chevauchement de ceux-ci 

un mo/en r£pondant aux comptes de bits 
d'information de debut et de fin pour chaque 10 
segment de tete d'impression pour valider la 
repartition des premier et second sous-ensem- 
bles de bits d'information de ligne £ imprimer 
aux segments de tete d'impression thermique 
respectrfs, d'ou il resurte que les memes bits 15 
d'information de ligne k imprimer sont valid6s 
pour la repartition aux sous-ensembles des 
elements de tete d'impression dans chaque 
region de chevauchement de ceux-ci ; et 
un moyen pour supprimer selectivement la 20 
repartition des m§mes bits d'information de 
ligne k imprimer aux elements d'impression 
correspondants dans les regions de chevau- 
chement en un motif r6parti dans les premier et 
second sous-ensembles des elements 25 
d'impression se chevauchant de chaque seg- 
ment de t§te d'impression. 

5. Appareil selon la revendication 4 caracterise de 
plus par : 30 

un moyen pour changer le motif r6parti pour 
chaque ensemble de bits d'information de ligne 
k imprimer successive d'une maniere telle que 
les sous-ensembles compl6mentaires succes- 35 
sifs des bits d'information d'image de ligne 
imprimis par les sous-ensembles des ele- 
ments d'impression se chevauchant produisent 
des images de lignes completes sans motifs 
r6petitifs discernables. 40 

6. Appareil selon la revendication 1, dans lequel ledit 
moyen de commande d'informations d'impression 
est de plus caract£r ise par : 

45 

un moyen pour repartir chaque sous-ensemble 
successif de bits d'information d'image de ligne 
parmi les sous-ensembles d'6lemerrts 
d'impression thermique se chevauchant de 
chaque segment de t§te d'impression thermi- 50 
que en un motif aleatoire d'une maniere telle 
que les sous-ensembles complementaires suc- 
cessrfs des bits d'information d'image de ligne 
imprimes par les premier et second sous- 
ensembles des elements d'impression thermi- 55 
que se chevauchant produtsent des images de 
lignes completes sans motifs repetrtifs discer- 
nables dans la region de chevauchement. 



Appareil k imprimer selon la revendication 1 pour 
imprimer une image en imprimant successivement 
les lignes d'images sur le recepteur par transfert 
thermique de colorant k partir d'un support donneur 
de colorant, dans lequel les segments de tete 
d'impression comprennent de plus des segments 
de t§te d'impression thermique lineaires compre- 
nant chacun un ensemble d'ei6ments d'impression 
thermique qui, lorsqu'excite par un bit d'information, 
effectue le transfert thermique d'un colorant £ partir 
des supports de transfert donneur de colorant sur 
le recepteur comme pixel image localise et est de 
plus caracterise par : 

un premier moyen pour deplacer le recepteur 
par rapport aux premiere et seconde rang6es 
des segments de tete d'impression thermique 
lineaires ; 

un second moyen pour deplacer les supports 
de transfert donneur de colorant par rapport 
auxdites premiere et seconde rang6es des 
segments de tete d'impression thermique 
lineaires et k la feuille receptrice ; 
un moyen pour m6moriser temporairement les 
seconds sous-ensembles repartis des bits 
d'information d'image de ligne qui doivent Stre 
transf6r6s auxdits elements d'impression des 
segments de tete d'impression thermique dans 
la seconde rangee ; et 

un moyen de validation synchronise avec les- 
dits premier et second moyens de defacement 
pour valider les elements d'impression de la 
seconde rangee des segments de tete 
d'impression afin d'imprimer les informations 
d'images memoris6es temporairement dans 
ledit moyen de memorisation temporaire de 
fa$on k commander I'impression des images 
de lignes completes avec les premier et second 
sous-ensembles d'informations d'image de 
ligne repartis. 

Appareil selon la revendication 7, dans lequel ledit 
moyen de commande d'informations d'impression 
est de plus caracterise par : 

un moyen pour compter les bits d'information 
de chaque ensemble de bits d'informations de 
ligne & imprimer ; 

un moyen pour definir les comptes de bits 
d'informations de debut et de fin pour chaque 
segment de tete d'impression thermique, ou le 
compte de debut pour chaque segment de tdte 
d'impression est inferieur au compte de fin d'un 
segment de t§te d'impression immediatement 
adjacent dans les regions de chevauchement 
de ceux-ci ; 

un moyen r6pondant aux comptes de bits 
d'information de debut et de fin pour chaque 
segment de tete d'impression thermique pour 
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valider la repartition des sous-ensembles de 
{'ensemble de bits d'informations de ligne & 
imprimer vers les segments de t§te d'impres- 
sion thermique respectifs, d'ou il resufte que 
les m§mes bits d'infbrmation de ligne k impri- 5 
mer sont valides pour repartition aux sous- 
ensembles des elements de t§te d'impression 
dans les regions de chevauchement de ceux-ci 
;et 

un moyen pour desactiver seiectivement la w 
repartition des m§mes bits d'information aux 
elements d'impression thermique correspon- 
dants dans les regions de chevauchement en 
un motif reparti dans la totality des premier et 
second sous-ensembles des elements is 
d'impression thermique se chevauchant de 
chaque segment de t§te d'impression thermi- 
que. 

9. Appareil selon la revendication 8, caract6ris6 de 20 
plus par : 

un moyen pour changer le motif reparti pour 
chaque ensemble de bits d'information de ligne 
& imprimer successif de manure telle que des 2s 
sous-ensembles compiementaires successifs 
de bits d'information d'image de ligne qui sont 
imprimes par les sous-ensembles des ele- 
ments d'impression thermique se chevauchant 
produisent des images de lignes completes 30 
sans motifs r6p6titifs discernables. 

10. Appareil selon la revendication 8, dans lequel ledit 
moyen de traitement est de plus caracterise par : 

35 

un moyen pour repartir chaque sous-ensemble 
successif de bits d'information d'image de ligne 
parmi les sous-ensembles d'eiements 
d'impression thermique se chevauchant de 
chaque segment de t&te d'impression thermi- 40 
que en un motif aieatoire d'une manure telle 
que les sous-ensembles compiementaires suc- 
cessifs de bits d'information d'image de ligne 
imprimee par les sous-ensembles d'eiements 
d'impression thermique se chevauchant pro- 45 
duisent des images de lignes completes sans 
motifs discernables dues aux elements 
d'impression thermique continuellement exci- 
tes d'un segment ou de I'autre des segments 
de t§te d'impression thermique Iin6aires. so 

11. Appareil selon la revendication 1 caracterise de 
plus par : 

un moyen pour repartir les bits d'informations 55 
de chaque ensemble de bits d'informations de 
ligne k imprimer parmi les elements d'impres- 
sion de la plurality des segments de t§te 
d'impression d'une maniere telle qu'un bit 



d'infbrmation est applique £ chaque element 
d'impression et que des sous-ensembles iden- 
tiques de bits d'informations sont repartis sur 
les premier et second sous-ensembles se che- 
vauchant des elements d'impression dans cha- 
que region de chevauchement ; 
un moyen pour produire des premier et second 
motifs d'entrelacement compiementaires de 
bits d'informations de suppression conrespon- 
dant en nombre et en position spatiale aux pre- 
mier et second sous-ensembles se 
chevauchant des elements d'impression ; 
un moyen pour supprimer I'impression des 
pixels images par le premier sous-ensemble se 
chevauchant des elements d'impression en 
reponse au premier motif d'entrelacement, fbr- 
marrt de ce fait une premiere ligne d'impression 
partiellement complete des pixels images 
repartis sur toute la region de chevauchement 
en un premier motif ; 

un moyen pour supprimer I'impression des 
pixels images par le second sous-ensemble se 
chevauchant d'eiements d'impression en 
reponse au second motif d'entrelacement, for- 
mant de ce fait une seconde ligne d'impression 
partiellement complete de pixels images repar- 
tis sur toute la region de chevauchement en un 
second motif qui est compiementaire du pre- 
mier motif, d'une maniere telle que les pre- 
miere et seconde lignes d'impression 
partiellement completes se combinent afin de 
produire une image d'une seule ligne d'impres- 
sion complete dans chaque region de chevau- 
chement. 

12. Appareil selon la revendication 11, dans lequel le 
moyen de generation est de plus caracterise par : 

un moyen pour modifier le motif d'entrelace- 
ment des bits d'information de suppression 
chaque fois que les premier et second motifs 
d'entrelacement compiementaires sont pro- 
duits d'une maniere telle que le motif d'entrela- 
cement n'est pas r6pet6 pour les lignes 
d'impression successives des pixels images. 
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